INTRODUCTION
Recently, physical exercise has become popular for promoting good health and preventing circulatory diseases and diabetes mellitus.
In the martial arts such as JUDO and KARATE, for muscular development, physical training has usually been done in a river in the winter to expose the feet to cold water.
Testosterone (TS) is good for muscular development due to its protein synthesis action and improvement of anemia1). There are some conflicting reports on the positive or negative correlation between physical exercise and cold water stimulation for different sympathetic nerve stimulation on hormone levels, particularly that of TS. In this study, TS was measured in male subjects doing exercise with a bicycle ergometer load and exposing to cold water stimulation. The relationship between TS and other hormone levels resulting from the two loads, particularly for luteinizing hormone (LH) and NA, is discussed.
MATERIAL AND METHODS
The 32 male subjects, college students aged 19 years old, were divided into two groups. One group of 16 males was subjected first to the ergometer load and then, after thirty minutes, to cold water stimulation (the first experiment, I). The other group of 16 males was first given cold water stimulation and, after thirty minutes, the ergometer load (the second experiment, II). The subjects consented to these loads. The ergometer load was done at 90 watts for 20 minutes with a bicycle ergometer (MONARK levels in the serum were measured as follows; TS, LH, cortisol, renin activity and aldosterone were measured by radioimmunoassay using the following commercial kits, TS 3H kit, "Midori Juji", Japan; LH kit, "Daiichi"; SPAC-cortisol kit, "Daiichi"; Renin RIA kit, "Dainabot", Japan; and I-125 kit, "Midori Juji" , Japan respectively. NA was measured by high performance liquid chromatography (HITACHI, HPLC, 663 A with fluorescence spectophotometer). Hemoglobin was measured by the cyanmethohemoglobin method. Hematocrit was measured by the microcapillary tube technique. Statistical significance was determined by paired-sample t-test for difference and the F-test was used for correlation11,12).
RESULTS
The subjects had a median height of 172.5cm and the 95% distribution range was 160.5-181.4cm. Median body weight was 65.3kg and the 95% distribution range, 48.8-91.2kg. 1) Hormone levels after physical exercise by the bicycle ergometer.
Hormone levels are shown in Table 1 with median values and the 95% confidence interval of the Relationship between individual changes in the levels of TS and other hormones induced by the ergometer load and the cold water stimulation load were examined.
These changes were expressed as the differences between pre-and post-load values.
The effects of the ergometer load were analyzed for 32 subjects.
As shown in 
DISCUSSION
This study was carried out to assess the effects of physical exercise and cold water stimulation on TS levels in the serum of male students. With two different types of stimulation of the sympathetic nerves, a bicycle ergometer load and cold water stimulation, TS, LH, NA, cortisol, plasma renin activity and aldosterone in the serum were measured. TS stimulates protein assimilation and growth of muscles2).
In their study on TS and physical exercise, Isail et al.3) reported that periodical physical exercise increased TS. But in hard physical exercise such as marathon running, Adlercreutz et al. 4) reported that TS increased, while Schmid et al.5) reported that TS decreased. Metivier et al.6) reported that, with low activity of the hypothalamus, TS increased with physical exercise, and that the change in its level caused by physical exercise might not be related to that of LH. Also, Fujibayashi et al. 7) reported that TS increased rapidly in response to the accommodation to height in mountain climbing. Regarding the correlation between TS and epinephrine, Eik-Nes8) reported that TS was elevated by epinephrine and norepinephrine in the canine, while Levin et al.9) reported that TS was decreased by epinephrine in human male subjects.
In this study, a load of 90 watts for 20 minutes on a bicycle ergometer elevated blood pressure, heart rate and the pressure-rate-product10) by 37.7%, 95.8% and 57.8%, respectively. The hematocrit was 50.0%, with a 1.7% increase, and the hemoglobin, 16.4g/dl, with a 1.6% increase caused by the ergometer load with about 50g weight loss for perspiration. The energy of this ergometer load appeared equivalent to the energy required for physical exercise in a population. TS, LH, NA and adrenal cortisol level were considered as indices of effect of the load. Renin-angiotensin-aldosterone activity induced by the ergometer load was measured by renin activity and aldosterone in the serum. By physical exercise, the levels of TS, LH, NA, renin activity and aldosterone significantly increased, but LH increased by a small amount. Excepting serum cortisol, these tendencies did not change with physical exercise after cold water stimulation. Thus, a sympathicotonic condition induced by physical exercise was effective for increasing TS. Changes in TS were positively correlated to those in LH and NA significantly. From these results, it seems that the changes in TS due to physical exercise are closely correlated to those in LH and in NA.
With cold water stimulation, blood pressure increased slightly by 9.1%, heart-rate by 3.8% and the pressure-rate product by 11.1%. The hematocrit and hemoglobin slightly decreased. TS decreased somewhat, although LH increased 22.1%. NA, renin activity and cortisol decreased. Cold water stimulation may increase LH. In individuals, the changes in TS were significantly positively correlated to those in LH and NA. TS may thus be related to sympathetic nervous system activity. From these results, it seemed that TS level was not affected by cold water stimulation.
In conclusion, physical exercise increases TS in serum by increasing LH and NA, but these tendencies were not found with cold water stimulation.
SUMMARY
The concentrations of testosterone (TS) and other related hormones in serum were examined before and after physical exercise with a bicycle ergometer (90 Watts, 20min.) and a cold water stimulation in 32 19-year-old males. While exercising, the serum TS level significantly increased by 20.8% (p<0.05), the luteinizing hormone (LH) level by 3.6% (p<0.05) and noradrenaline (NA) level by 140.0% (p<0.01).
During cold water stimulation, TS decreased by 10.0%, LH increased by 22.1% and NA decreased by 23.8%.
Based on changes in hormone levels within the individual during the loads, there was a significant positive correlation coefficient (r) between TS and LH, and between TS and NA, with r (TS-LH)=0.399 (p<0.05) and r (TS-NA)=0.481 (p<0.05) for physical exercise, while r (TS-LH)=0.403 (p<0.05) and r (TS-NA)=0.431 (p<0.05) for cold water stimulation, respectively.
These results suggest that physical exercise increases TS level in serum by increasing LH and NA levels, but these tendencies were not found with cold water stimulation.
